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FIG. 1
form a first board having a rate of thermal expansion 510
between =15 and 9 ppm/C T
form a core board —}— S11

!

perforate the core board to selectively form through-holes —J— S12

:

fill a resin composition in the through-holes —— S13

l

attach copper foils, each having an insulation layer —— S14
attached thereto, onto both sides of the core board

!

perforate the resin to selectively form electrically —4— S15
conductive through-holes

'

form circuits on the core board —] - S16
plate the core board — - S17

A

form second boards having cavities formed therein and having | g0
rates of thermal expansion between 10 and 25 ppm/C

\

attach a second board to either side of the first board using | g3
a board connection material such that the first board and
the second boards are electrically connected

y
connect each component embedded in each of the cavities | S40

with the first board by a flip chip method using
a component connection material
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1
METHOD OF MANUFACTURING
SEMICONDUCTOR PACKAGE AND
SEMICONDUCTOR PLASTIC PACKAGE
USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of Korean Patent Appli-
cation No. 10-2007-0133242 and No. 10-2007-0134335 filed
with the Korean Intellectual Property Office on Dec. 18,
2007, and Dec. 20, 2007, respectively, the disclosures of
which are incorporated herein by reference in their entirety.

BACKGROUND

1. Technical Field

The present invention relates to a method of manufacturing
a semiconductor package and to a semiconductor plastic
package manufactured using this method.

2. Description of the Related Art

Current electronic devices are trending towards smaller,
thinner, and lighter products. In step with these trends, the
preferred methods for mounting semiconductor chips are
changing from wire bonding methods to flip chip methods,
which allow greater numbers of terminals. Furthermore, there
is a demand also for higher reliability and higher densities in
the multilayer printed circuit board, to which semiconductor
chips may be mounted.

In the conventional multilayer printed circuit board, if
fiberglass woven fabric is used for the base material, E-glass
is generally used for the glass component.

A thermosetting resin composition may be impregnated
into the fiberglass woven fabric, dried, and put in a B-stage
condition, which can then be processed into a copper clad
laminate. This copper clad laminate can be used to fabricate a
printed circuit board core, for use in the inner layers, after
which B-stage insulation sheets may be arranged and stacked
as build-up layers, to manufacture a multilayer printed circuit
board.

In the multilayer printed circuit board thus manufactured, a
build-up resin composition may be used in many of the layers,
which has a high rate of thermal expansion (generally about
18 to 100 ppm/° C. in the longitudinal and lateral directions),
and a copper (Cu) layer having a rate of thermal expansion of
about 17 ppm/® C. may be included in each layer. On the
outermost layers, solder resist layers may be formed which
also have ahigh rate of thermal expansion (generally about 50
to 150 ppm/° C.). Consequently, the overall coefficient of
thermal expansion in the longitudinal and lateral directions
for the multilayer printed circuit board may be about 10 to 30
ppm/° C.

If an aromatic polyaramid fabric is used as a reinforcing
material, the rate of thermal expansion in the longitudinal and
lateral directions of a double-sided printed circuit board used
for the inner core can become 10 ppm/° C. or lower. Even so,
if additional build-up resin compositions and copper layers
are included with this board to manufacture a printed circuit
board having a large number of layers, the rate of thermal
expansion may be increased to a value over 10 ppm/® C.

However, due to the difference in thermal expansion
between the semiconductor chip and the multilayer printed
circuit board, the many-layered printed circuit board manu-
factured using an aromatic polyaramid fabric can have lower
strength compared to a printed circuit board manufactured
using fiberglass non-woven fabric over the entire printed cir-
cuit board, so that bending and warpage are more likely to
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occur. Also, since the reinforcing material and resin are
organic substances, the rate of thermal expansion may be
greater in the thickness direction in the multilayer printed
circuit board, which can lead to problems in reliability.

Even in cases where E-glass fiber woven fabric and aro-
matic polyaramid fabric are used together, the effect of the
resin for the build-up layers as well as of the copper layers,
which may have a rate of thermal expansion of about 17
ppr/® C., may make it difficult to manufacture a printed
circuit board having a rate of thermal expansion of 10 ppm/®
C. in the longitudinal and lateral directions, let alone 9 ppm/©
C. or lower.

When mounting a semiconductor chip to this type of mul-
tilayer printed circuit board, an underfill resin may be used to
provide a structure that absorbs the stresses caused by expan-
sion or contraction when the board is heated or cooled. How-
ever, in cases where a semiconductor chip is mounted and
connected that has a rate of thermal expansion of 2 to 3 ppm/°©
C., the difference in thermal expansion can cause bending or
warpage. When reliability tests are performed, including tem-
perature cycle tests, etc., for a semiconductor chip mounted
and connected without using an underfill resin, especially a
semiconductor chip having a rate of thermal expansion of
about 3 ppn/° C. connected using lead-free solder, etc.,
defects may occur, such as cracking in the lead-free solder
and semiconductor chip, and detaching between the semicon-
ductor chip and the solder, etc.

Consider the case of a multilayer printed circuit board that
uses carbon fiber woven fabric and a metal plate made of
copper-Invar, etc., in the center as a core, and includes insu-
lation layers coated over the core. For this multilayer printed
circuit board also, the effects of the resin for the build-up
layers as well as of the copper layers, which may have a rate
of thermal expansion of about 17 ppm/° C., may result in a
rate of thermal expansion of 10 ppny/° C. or higher. Moreover,
this type of multilayer printed circuit board may entail high
material costs, difficult processing procedures, and other
problems in terms of reliability and economy. Also, using an
underfill resin may not be cost-effective, since it may prevent
rework in the package in the event of a malfunction in the
semiconductor chip or multilayer printed circuit board, and
thereby render the entire semiconductor plastic package
defective.

SUMMARY

An aspect of the invention can lower manufacturing costs,
prevent cracking in and detaching between the board and
semiconductor chip, and prevent defects caused by bending
and warpage. Another aspect of the invention can provide a
semiconductor plastic package in which damage or detaching
of the semiconductor chip or lead-free solder, etc., are not
incurred by the stresses applied in a temperature cycle test,
etc. Also, another aspect of the invention can provide a
method of manufacturing a semiconductor package and a
semiconductor plastic package manufactured using this
method, which allow reworking for the relevant portions
when a defect occurs.

One aspect of the invention provides a method of manu-
facturing a semiconductor package. The method may include:
forming a first board; forming second boards, in each of
which at least one cavity is formed; attaching the second
boards to both sides of the first board, such that the second
boards are electrically connected with the first board; and
connecting at least one component with the first board by a
flip chip method by embedding the component in the cavity.
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The cavity can be formed in such a way that the cavity
disconnects the second board.

The first board may have a lower rate of thermal expansion
than do the second boards.

In the operation of forming the first board, the first board
can be formed with its rate of thermal expansion maintained
within a range of -15 to 9 ppm/°® C.

In the operation of forming the second boards, the second
boards can be formed such that their rates of thermal expan-
sion are maintained within a range of 10 to 25 ppm/°® C.

The forming of the first board may include: forming a core
board; selectively forming at least one through-hole by per-
forating the core board; filling a resin composition in the
through-hole; attaching a copper foil, to which an insulation
layer may be attached, onto either side of the core board;
selectively forming conductive through-holes by perforating
the resin composition; forming at least one circuit on the core
board; and plating the core board.

The core board can include a material selected from a
group consisting of thermosetting resins, thermoplastic res-
ins, UV-curable resins, and radical-curable resins.

The core board can include a material selected from a
group consisting of inorganic fibers, organic fibers, and met-
als.

The inorganic fibers may include any one of glass fibers
and ceramic fibers.

The organic fibers may include any one selected from a
group consisting of poly oxibenzazole fibers, aromatic pol-
yaramid fibers, liquid crystal polyester fibers, and carbon
fibers.

The organic fibers can include any one of an aromatic
polyaramid non-woven fabric reinforcement and an aromatic
polyaramid woven fabric reinforcement.

The metals may include any one of Invar and copper-Invar.

In certain implementations, the attaching can include inter-
posing a board connection material between the first board
and the second boards.

The operation of connecting the components can include
interposing a component connection material between the
components and the first board.

The board connection material and the component connec-
tion material may each be formed as bumps or as electrically
conductive adhesive. An electrically conductive material can
be used for the electrically conductive adhesive that has an
electrical resistivity value which allows a satisfactory trans-
mission of electrical signals. Examples of such material
include silver paste and copper paste.

The thickness of the component can be smaller than or
equal to that of the second board.

Another aspect of the invention provides a semiconductor
plastic package, which may include: a first board; a second
board attached to either side of the first board, which can be
electrically connected with the first board, and in which at
least one cavity may be formed; and a component embedded
in the cavity and connected with the first board by a flip chip
method.

The cavity can be such that disconnects the second board.

The first board may have a lower rate of thermal expansion
than the second boards, where the rate of thermal expansion
for the first board may lie within a range of —15to 9 ppm/° C.,
while the rate of thermal expansion for the second boards may
lie within a range of 10 to 25 ppm/° C.

The first board can include: a core board, in which at least
one through-hole may be selectively perforated and filled
with a resin composition; a copper foil, which may be
attached to either side of the core board, and to which an
insulation layer may be attached; a conduction through-hole
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selectively perforated in the resin composition; and a circuit
formed on a surface of the core board.

Theresin of the core board can be made from thermosetting
resins, thermoplastic resins, UV-curable resins, and radical-
curable resins, while the core board can be made from a
material of inorganic fibers, organic fibers, or metals.

The inorganic fibers may include any one of glass fibers
and ceramic fibers; the organic fibers may include any one
selected from a group consisting of poly oxibenzazole fibers,
aromatic polyaramid fibers, liquid crystal polyester fibers,
and carbon fibers; and the metals may include any one of
Invar and copper-Invar.

Also, the organic fibers can be formed as one of an aromatic
polyaramid non-woven fabric reinforcement and an aromatic
polyaramid woven fabric reinforcement.

The semiconductor plastic package may further include a
board connection material interposed between the first board
and the second boards for electrically connecting the first
board with the second boards, and may also include a com-
ponent connection material interposed between the compo-
nents and the first board for electrically connecting the com-
ponents with the first board.

The board connection material and the component connec-
tion material can be formed as bumps and/or as electrically
conductive adhesive. An electrically conductive material can
be used for the electrically conductive adhesive that has an
electrical resistivity value which allows a satisfactory trans-
mission of electrical signals. Examples of such material
include silver paste and copper paste.

The thickness of the component can be smaller than or
equal to that of the second board.

Additional aspects and advantages of the present invention
will be set forth in part in the description which follows, and
in part will be obvious from the description, or may be learned
by practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s a flowchart illustrating a method of manufacturing
a semiconductor package according to an embodiment of the
invention.

FIG. 2, FIG. 3, FIG. 4, FIG. 5, and FIG. 6 are cross sec-
tional views representing a method of manufacturing a first
board according to an embodiment of the invention.

FIG. 7 and FIG. 8 are cross sectional views representing a
method of manufacturing a first board according to another
embodiment of the invention.

FIG. 9 is a cross sectional view illustrating a second board
according to an embodiment of the invention.

FIG. 10 is a cross sectional view illustrating a semiconduc-
tor plastic package according to an embodiment of the inven-
tion.

FIG. 11 is a cross sectional view illustrating a semiconduc-
tor plastic package according to another embodiment of the
invention.

FIG. 12 is a perspective view illustrating a semiconductor
plastic package according to an embodiment of the invention.

FIG. 13 is a perspective view illustrating a semiconductor
plastic package according to another embodiment of the
invention.

FIG. 14 is a cross sectional view schematically illustrating
a semiconductor plastic package according to an embodiment
of the invention.

DETAILED DESCRIPTION

As the invention allows for various changes and numerous
embodiments, particular embodiments will be illustrated in
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the drawings and described in detail in the written descrip-
tion. However, this is not intended to limit the present inven-
tion to particular modes of practice, and it is to be appreciated
that all changes, equivalents, and substitutes that do not
depart from the spirit and technical scope of the present
invention are encompassed in the present invention. In the
description of the present invention, certain detailed explana-
tions of related art are omitted when it is deemed that they
may unnecessarily obscure the essence of the invention.

While such terms as “first” and “second,” etc., may be used
to describe various elements, such elements must not be lim-
ited to the above terms. The above terms are used only to
distinguish one component from another.

The terms used in the present specification are merely used
to describe particular embodiments, and are not intended to
limit the present invention. An expression used in the singular
encompasses the expression of the plural, unless it has a
clearly different meaning in the context. In the present speci-
fication, it is to be understood that the terms such as “includ-
ing” or “having,” etc., are intended to indicate the existence of
the features, numbers, steps, actions, elements, parts, or com-
binations thereof disclosed in the specification, and are not
intended to preclude the possibility that one or more other
features, numbers, steps, actions, elements, parts, or combi-
nations thereof may exist or may be added.

Certain embodiments of the invention will be described
below in more detail with reference to the accompanying
drawings. Those components that are the same or are in
correspondence are rendered the same reference numeral
regardless of the figure number, and redundant explanations
are omitted.

FIG.11is aflowchart illustrating a method of manufacturing
a semiconductor package according to an embodiment of the
invention, FIG. 2 through FIG. 6 are cross sectional views
representing a method of manufacturing a first board accord-
ing to an embodiment of the invention, and FIG. 7 through
FIG. 8 are cross sectional views representing a method of
manufacturing a first board according to another embodiment
of'the invention. FIG. 9 is a cross sectional view illustrating a
second board according to an embodiment of the invention,
FIG. 10 is a cross sectional view illustrating a semiconductor
plastic package according to an embodiment of the invention,
and FIG. 11 is a cross sectional view illustrating a semicon-
ductor plastic package according to another embodiment of
the invention.

This embodiment relates to a method of manufacturing a
semiconductor package by attaching boards together that
have different rates of thermal expansion, and to a semicon-
ductor plastic package manufactured using this method. The
embodiment makes it possible to lower the costs involved in
the manufacturing process and improve reliability in the con-
nections between the boards and the components, as well as to
prevent cracking in the board and semiconductor chip, by
having the connection material mitigate the stresses, and pre-
vent defects such as bending and warpage. Also, damage to
the semiconductor chip or bumps can be avoided, which may
otherwise be incurred by stresses resulting from temperature
cycle tests. If a defect does occur in the board or component,
it is possible to remove the faulty board or component for
reworking.

In FIGS. 210 11, there are illustrated semiconductor plastic
packages 100, 200, a first board 110, core boards 111, a resin
composition 112, copper foils 113, insulation layers 114,
through-holes 115, a copper conductive material 116, circuits
117, lands 118, electrically conductive through-holes 119,
second boards 120, components 130, a board connection
material 140, and a component connection material 150.
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First, a first board 110 may be formed, which can have a
rate of thermal expansion of 9 ppm/° C. or lower (S10). In
certain examples, the rate of thermal expansion may lie
within a range of —15 to 9 ppm/° C. The first board 110 can be
a printed circuit board that has a lower coefficient of thermal
expansion than do the second boards 120. The rate of thermal
expansion of the first board 110 can be 9 ppm/° C. or lower. In
some embodiments, the rate of thermal expansion can be
between -15t0 7.5 ppm/° C., or even between —10 to 5 ppm/®
C. A value outside the ranges described above for the rate of
thermal expansion can lead to connection problems in the
boards and can cause cracking.

One method of forming the first board 110 may proceed as
follows. First, asillustrated in F1G. 2, acore board 111 may be
formed (S11), and then, as illustrated in FIG. 3, the core board
111 may be perforated to selectively form through-holes 115
(S12). Next, as illustrated in FIG. 4, a resin composition 112
may be filled in the through-holes 115 (S13), after which
copper foils 13, each having a B-stage insulation layer 114
adhered thereto, may be attached to both sides of the core
board 111 (S14), as illustrated in FIG. 5. Here, the insulation
layers 114 can be made from a thermosetting resin composi-
tion.

Next, as illustrated in FIG. 6, the copper foils 13 at the
surfaces may be etched, and the resin composition 112 filled
in the through-holes 115 may be perforated, to selectively
form electrically conductive through-holes 119 (S15). Cir-
cuits 117 may be formed over the copper foils 113 at the
surfaces and the electrically conductive through-holes 119
(S16), and the electrically conductive through-holes 119 may
be plated (S17), to allow the transfer of electrical signals. A
solder resist may be attached above and below the fabricated
core board 111, with portions uncovered that correspond to
lands 118. A surface treatment may be applied over the lands
118, over which the solder resist is uncovered. In this way, a
first board 110 can be completed, as in the example illustrated
in FIG. 6.

As illustrated in FIGS. 7 and 8, a first board 110' may also
be fabricated by forming electrically conductive through-
holes 119 in the core board 111, and then etching the copper
foils 113 attached to both sides of the core board 111 to form
the circuits 117.

The resin used in the first board 110 can be a thermosetting
resin, such as epoxy resin, cyanate ester resin, maleimide-
cyanate ester resin, benzocyclobutene resin, polyimide resin,
cardo resin, and functional-group-containing polyphenylene
ether resin, which can be used alone or in a combination of
twWOo or more resins.

With the through-holes becoming narrower and narrower,
cyanate ester resin and maleimide-cyanate ester resin can
advantageously be utilized to prevent migration between cir-
cuits. Furthermore, known types ofresin, some of which have
been listed above, may be used after applying flame-retardant
treatment with phosphorus or bromine. While a thermosetting
resin according to this embodiment can be hardened by heat-
ing the resin as is, this may entail a slow hardening rate and
low productivity. Thus, an adequate amount of hardening
agent or thermosetting catalyst may advantageously be used
in the thermosetting resin.

Various other additives may generally be used in the ther-
mosetting resin. For example, a thermosetting resin, a ther-
moplastic resin, or another type of resin may be added, other
than the main resin used, as well as adequate amounts of an
organic or inorganic filler, a dye, pigments, a thickening
agent, lubricant, an antifoaming agent, a dispersing agent,
leveling agent, brightening agent, and thixotropic agent, etc.,
according to the purpose and usage of the composition. It is
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also possible to use a flame retardant, such as those using
phosphorus and bromine, and non-halogenated types.

The thermoplastic resin used can be such that is generally
known to those skilled in the art. More specifically, liquid
crystal polyester resin, polyurethane resin, polyamide-imide
resin, polyphenylene ether resin, etc., can be used by itself or
in a combination of two or more resins. However, since the
printed circuit board may undergo a high-temperature reflow
treatment during the process for mounting components, the
thermoplastic resin used can be such that has a sufficiently
high melting point, so as not to not incur defects in the printed
circuit board at the reflow temperatures. In certain examples,
the melting point of the thermoplastic resin may be 270° C. or
higher. The various additives described above may also be
added in adequate amounts to the thermoplastic resin. Fur-
thermore, a thermoplastic resin and a thermosetting resin can
be used together in a combination.

Besides the thermosetting resin and thermoplastic resin,
other resins may be used alone or in combination, such as
UV-setting resins and radical-curable resins, etc. These resins
may also be used in combination with the thermosetting res-
ins and thermoplastic resins mentioned above. Also, a photo-
polymerization initiator, radical polymerization initiator,
and/or the various additives described above can be mixed in
adequate amounts.

In terms of the reliability of the printed circuit board that
can be fabricated according to a certain embodiment of the
invention, it may be advantageous to utilize thermosetting
resins and heat-resistant thermoplastic resins.

Non-woven or woven fabric of inorganic or organic fibers,
or a metallic material may be used as a reinforcement for the
first board 110 having a low coefficient of thermal expansion.

The inorganic fibers may include, for example, ceramic
fibers, S-glass fibers, and T-glass fibers, etc., which have low
coefficients of thermal expansion. The organic fibers may
include poly oxibenzazole fibers, aromatic polyaramid fibers,
liquid crystal polyester fibers, and carbon fibers, etc., which
have low coefficients of thermal expansion and which are
resistant to heat.

A film having a low coefficient of thermal expansion, such
as aromatic polyaramid film, poly oxibenzazole film, and
liquid crystal polyester film, etc., can be used as a reinforce-
ment material. In order to improve the adhesion between the
reinforcing material and the resin, a surface treatment known
to those skilled in the art may be applied to the reinforcing
material. Examples may include silane coupling agent treat-
ment for glass fiber materials, and corona treatment, various
chemical treatments, blast treatment, and plasma treatment,
etc., for film materials.

In the case of film materials, the copper foils may be
attached by way of adhesive applied onto either side of the
film, or a copper laminated sheet may be used in which the
copper foils are attached directly by a method known to those
skilled in the art. In terms of lowering the coefficient of
thermal expansion, the latter method may provide more desir-
able results.

The organic fibers may form an aromatic polyaramid non-
woven or woven fabric reinforcement.

The metallic material may also be such that has a low
coefficient of thermal expansion. For example, the metal
material may be Invar or copper-Invar, etc. A printed circuit
board having a low coefficient of thermal expansion accord-
ing to an embodiment of the invention can be a printed circuit
board having two or more metal circuit layers, and in mount-
ing a component in the printed circuit board, it can be impor-
tant that the coefficients of thermal expansion not be signifi-
cantly different between the printed circuit board and the
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component. If a multi-layer board having two or more layers
is to be manufactured, it can be advantageous to use a metallic
material in the core board to decrease the number of layers.
Here, the overall rate of thermal expansion of the core board
using metal canbe 9 ppm/° C. or lower, or more desirably, —15
to 7.5 ppm/° C. In certain embodiments, the overall rate of
thermal expansion can even be between —10 to 5 ppm/° C.

The printed circuit board for the first board 110 may also be
implemented using glass fibers or ceramic materials that have
low coefficients of thermal expansion. Even when the printed
circuit board is fabricated to have a low rate of thermal expan-
sion, if the printed circuit boards attached on the outer sides
by way of a conductive material have relatively high coeffi-
cients of thermal expansion, ranging from 10 to 25 ppm/° C.,
for example, there may be a tendency to expand in the lateral
and longitudinal directions when heat is applied. In actuality,
the entire printed circuit board configuration may expand and
contract in accordance with the expansion and contraction of
the outer printed circuit boards, which may have higher rates
of thermal expansion. Although this may be greater than the
rate of thermal expansion in only the inner printed circuit
board having a low coefficient of thermal expansion, the
conductive material attached to the printed circuit board hav-
ing a low rate of thermal expansion, i.e. to the printed circuit
board to which the components may be mounted and con-
nected, may mitigate the stresses, so that the degree of expan-
sion and contraction may be lessened.

As such, the printed circuit board having a low rate of
thermal expansion, to which the internal components may be
mounted and connected, may not expand as much, and there-
fore it will be more difficult for defects to occur, such as
cracking or detaching, etc., of the component or connection
material. The sizes of the printed circuit boards having rela-
tively higher coefficients of thermal expansion, attached to
the outer sides in this configuration, may be smaller than or
equal to the size of the inner printed circuit board having a low
rate of thermal expansion.

However, the printed circuit boards having relatively
higher coefficients of thermal expansion, which may be
attached to the upper and lower sides, can be such that have
the same rate of thermal expansion. By attaching the printed
circuit boards in corresponding positions on the upper and
lower sides, bending and warpage may be prevented. As these
printed circuit boards have a higher coefficient of thermal
expansion and are thus generally less expensive than the
printed circuit board having a low rate of thermal expansion to
which the components may be mounted and connected, the
overall cost can be reduced.

The method of manufacturing the printed circuit board
having a low coefficient of thermal expansion in this embodi-
ment of the invention may vary according to the types of
material used, and any method known to those skilled in the
art may be employed. The material used can be such that has
a rate of thermal expansion of 9 ppm/°® C. or lower. In certain
cases, a material may be selected with which to provide the
printed circuit board with a rate of thermal expansion of —15
to 7.5 ppm/° C., and in some cases, =10 to 5 ppm/° C. In
certain cases where a woven or non-woven fabric of an aro-
matic polyaramid in a para- or meta-substitution is used, an
insulating material may be impregnated in the fibers and
dried, to obtain a B-stage resin, and copper foils may be
stacked and molded on both sides to form a double-sided
copper clad laminate.

Through-holes may be formed in this double-sided copper
clad laminate using a laser, after which desmearing, copper
plating, and circuit forming processes, etc., may be applied, to
form a printed circuit board. A copper clad laminate using
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T-glass fiber or S-glass fiber woven fabric may also be manu-
factured into a printed circuit board in substantially the same
manner. In such cases, the through-holes may also be pro-
cessed using a mechanical drill. The rate of thermal expansion
of'this double-sided copper clad laminate may vary according
to the type and amount of reinforcement impregnated in the
resin. Generally, the greater the amount of reinforcement
material included, the lower the rate of thermal expansion. An
adequate composition may provide the double-sided copper
clad laminate with a rate of thermal expansion of 9 ppm/° C.
or lower, or more advantageously, =15 to 7.5 ppm/° C. A rate
of'thermal expansion lying within the range of =10 to 5 ppm/°®
C. may be even more desirable.

In certain cases where carbon fiber woven fabric is used, an
insulating material can be impregnated in the fibers and dried,
to obtain a B-stage resin, and copper foils may be stacked and
molded on both sides to form a double-sided copper clad
laminate. Afterwards, through-holes may be formed using a
laser, with the diameters of the through-holes made greater
than those of the electrically conductive through-holes that
will be implemented.

Next, the through-holes may be filled with a resin compo-
sition, which may then be hardened. Portions of the resin
composition protruding from the surface can be polished to
level the surface. Afterwards, the center of the resin compo-
sition may again be processed with a laser, without touching
the carbon fiber woven fabric, to obtain electrically conduc-
tive through-holes, which may be followed by desmearing,
copper plating, and circuit forming, etc., to form a low ther-
mal expansion printed circuit board.

In certain cases where glass fibers are used, the through-
holes can be formed by a method known to those skilled in the
art using a laser or a chemical such as hydrofluoric acid, etc.
Afterwards, a thin copper layer may be formed by sputtering
over the entire surface, and a thick copper plating layer may
be formed such as by copper electroplating, and then circuits
may be formed, etc., to fabricate a low thermal expansion
printed circuit board.

In certain cases where Invar or copper-Invar is used,
through-holes may be processed which are slightly larger
than the electrically conductive through-holes which will be
implemented, using a laser, for example. Then, a thin copper
layer may be formed by sputtering, etc., over the entire con-
figuration, the through-holes may be filled in with a resin
composition, and then the resin composition may be hard-
ened. Copper foils, each having a thin B-stage insulation layer
attached thereto, may be arranged at the upper and lower sides
of'the configuration, which may then be stacked and molded.
The center of the resin composition may be processed, with-
out touching the Invar or copper-Invar, to provide electrically
conductive through-holes having diameters smaller than
those of the original through-holes. Desmearing, electroless
copper plating, and copper electroplating processes, etc., may
then be applied to the electrically conductive through-holes,
and circuits may be formed, to provide a low thermal expan-
sion printed circuit board.

In cases where a resin composition is attached directly onto
the surfaces of the Invar or copper-Invar, the degree of rough-
ness can be increased in the surfaces of the Invar or copper-
Invar, using a chemical treatment, etc., known to those skilled
in the art, so as to improve the adhesion to the resin compo-
sition. The method of manufacturing a printed circuit board
having a low rate of thermal expansion printed circuit board is
not limited to the examples described above, and any of
various other methods known to those skilled in the art may be
used just as well.
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Next, as illustrated in FIG. 9, second boards 120 may be
formed, of which the rate of thermal expansion may lie within
a range of 10 to 25 ppm/° C., and in which cavities 160 may
be formed (S20).

The printed circuit boards, i.e. the second boards 120,
which may be attached to the outer sides of the inward low
thermal expansion printed circuit board, i.e. the first board
110, can be such that have a relatively higher coefficient of
thermal expansion than that of the printed circuit board hav-
ing a low coefficient of thermal expansion.

Examples of a printed circuit board having a relatively
higher coefficient of thermal expansion here may include
those printed circuit boards which have coefficients of ther-
mal expansion between 10 and 25 ppm/° C. The printed
circuit board may not necessarily be limited to a particular
material, and any of the materials and reinforcement, such as
the resins and additives, etc., mentioned above, can be used.
In terms of lower costs, however, it may be advantageous to
use E-glass fiber woven fabric as the reinforcement material
for the printed circuit board. The number of printed circuit
boards having a higher coefficient of thermal expansion may
vary according to the usage and design, so that a multi-layer
printed circuit board having two or more layers may be manu-
factured. For example, a multi-layer printed circuit board may
be manufactured with its major functions implemented in
four or more layers. While this printed circuit board is not
limited to a particular thickness, it can be advantageous to
have the combined height of the components and connection
materials, if there are components mounted and connected, be
equal to or smaller than the combined height of the connec-
tion material and the printed circuit boards having a higher
coefficient of thermal expansion, after attaching the printed
circuit boards.

In this way, the components can be prevented from pro-
truding outwards from the surfaces of the printed circuit
boards having a relatively higher coefficient of thermal
expansion, and damage may be avoided that may otherwise
occur due to pressures applied from the sides of each of the
components, etc. However, care may be needed not to subject
the package to pressure from the two directions in which the
printed circuit boards having relatively higher coefficients of
thermal expansion are not connected. If the connection mate-
rial is made of a material that enables reworking, such as
lead-free solder, etc., the printed circuit board configuration
can be reworked in the event of a defect, to provide benefits in
terms of costs. In addition, there is a reduced risk of cracking
damage, etc., in the component or the connection material,
when the component is mounted and connected to a printed
circuit board having a low rate of thermal expansion, so that
it may not be necessary to use an underfill. If a defect occurs
in a component, the component may be reworked and
replaced, allowing advantages in cost saving.

In the printed circuit boards having a relatively higher
coefficient of thermal expansion that are attached to either
side of a low thermal expansion printed circuit board, open-
ings may be formed in positions where the components are to
be mounted and connected, to sizes slightly larger than the
areas occupied by the components. The opening is not limited
to a particular size, and a cavity can generally be formed to be
1 to 3 mm larger from each side of the embedded component.

The forming of the cavities is not limited to a particular
method, and can be performed by any of various methods
using routers, punches, lasers, and water jets, etc. The com-
ponents can be held inside the cavities, and mounted on and
connected to the inner printed circuit board having a low
coefficient of thermal expansion. This may be performed by a
method known to those skilled in the art, such as methods



US 8,030,752 B2

11

using gold bumps, lead-free solder, regular solder, etc. The
mounting and connecting of the components may be per-
formed before or after attaching the outer printed circuit
boards having a relatively higher coefficient of thermal
expansion to the low thermal expansion printed circuit board.

When manufacturing the printed circuit board having a
relatively higher coefficient of thermal expansion, it is not
necessary to use the same resin compositions described
above. For example, the inner core board can be implemented
using a copper clad laminate made of an E-glass fiber woven
fabric reinforcement and an epoxy resin composition, while
the build-up insulation material can be selected from various
alternatives such as a copper foil sheet having a B-stage
cyanate ester resin composition attached without a separate
reinforcement material, a B-stage unsaturated-group-con-
taining polyphenylene ether resin sheet, and a B-stage resin
sheet containing various additional materials.

Next, as illustrated in FIGS. 10 and 11, each of the second
boards 120 may be attached to either side of the first board
110 using a board connection material 140, in such a way that
the second boards 120 are electrically connected to the first
board 110 (S30). Then, the components 130 embedded in the
respective cavities may be connected with the first board 110
by a flip chip method, using a component connection material
150 between the components 130 and the first board 110
(S40).

FIG. 10 shows a semiconductor plastic package 100 manu-
factured using a first board 110 that was fabricated by a
method represented in FIGS. 2 to 6.

FIG. 11 shows a semiconductor plastic package 200 manu-
factured using a first board 110' that was fabricated by a
method represented in FIGS. 7 and 8.

The number of printed circuit boards having a higher coet-
ficient of thermal expansion, i.e. the second boards, may vary
according to the usage and design, and a multi-layer printed
circuit board having two or more layers may be manufac-
tured. For example, a multi-layer printed circuit board may be
manufactured with its major functions implemented in four or
more layers. While the printed circuit board is not limited to
a particular thickness, it can be advantageous to have the
combined height of the components and connection materi-
als, if there are components mounted and connected, be equal
to or smaller than the combined height of the connection
material and the printed circuit boards having a higher coef-
ficient of thermal expansion, after attaching the printed circuit
boards. In this way, the components can be prevented from
protruding outwards from the surfaces of the printed circuit
boards having a relatively higher coefficient of thermal
expansion, and damage may be avoided that may otherwise
occur due to pressures applied from the sides of each of the
components, etc.

In the printed circuit boards having a relatively higher
coefficient of thermal expansion, i.e. the second boards, that
are attached to either side of a low thermal expansion printed
circuit board, i.e. the first board, openings may be formed in
positions where the components are to be mounted and con-
nected, to sizes slightly larger than the areas occupied by the
components. The opening is not limited to a particular size,
and a cavity can generally be formed to be 1 to 3 mm larger
from each side of the embedded component. The forming of
the cavities is not limited to a particular method, and can be
achieved using any of a variety of methods using routers,
punches, lasers, and water jets, etc.

The connecting between the printed circuit boards having a
relatively higher coefficient of thermal expansion and the
printed circuit board having a low rate of thermal expansion
on which to connect the components is not limited to a par-
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ticular method. It will be advantageous to choose a connect-
ing method that provides a connection which can withstand
reliability tests. Examples of such a method may include
methods using electrically conductive adhesive, lead-free
solder, regular solder, and metal pins, etc.

The connection material for the low thermal expansion
printed circuit board and the printed circuit boards on both
outer sides having a relatively higher coefficient of thermal
expansion can be an electrically conductive adhesive. The
electrically conductive adhesive may be such that has a suf-
ficiently low resistance to allow a satisfactory transmission of
electrical signals.

This electrically conductive adhesive can be composed
mainly of electrically conductive particles and a binder resin
composition, and can be given an elastic quality by mixing in
a resin composition, such that the electrically conductive
adhesive may expand or contract when heated or cooled.
Thus, the electrically conductive adhesive can mitigate the
longitudinal and lateral stresses caused by the differences in
thermal expansion between each printed circuit board during
heating or cooling, whereby detaching or damage in the con-
nection material may be avoided.

The type of electrically conductive adhesive can be
selected according to the rate of thermal expansion of each
printed circuit board. The electrically conductive adhesive
can be silver paste, copper paste, etc., for example, but is not
thus limited.

In certain embodiments of the invention, the low thermal
expansion printed circuit board, to which components may be
mounted and connected, and the less expensive printed circuit
boards that have a relatively higher coefficient of thermal
expansion, which may be implemented to perform the major
functions, can be fabricated separately and connected
together. Since the rates of thermal expansion may not be
significantly different between the components and the low
thermal expansion printed circuit board, even during heating
or cooling, defects may be avoided that may otherwise be
incurred by expanding and contracting stresses.

Also, an electrically conductive adhesive, etc., that is
capable of mitigating stresses can be used as the connection
material between the low thermal expansion printed circuit
board and the printed circuit boards on either side having a
relatively higher coefficient of thermal expansion. In this way,
the connection material can be largely unaffected by the
expanding and contracting stresses during heating and cool-
ing, so that defects such as cracking and detaching, etc., can
be prevented in the connection material.

In other words, although the connection material may be
subject to stresses from each of the components and printed
circuit boards, the stresses may be dispersed by the connec-
tion material, so that a higher reliability can be obtained
during reliability tests, such as temperature cycle tests, etc.,
compared to other multi-layer printed circuit boards.
Decreasing the coefficient of thermal expansion over the
whole of a multi-layer printed circuit board may entail form-
ing the entire printed circuit board configuration using high-
cost, expensive materials. This can raise manufacturing costs,
whereby the completed multi-layer printed circuit board may
also be made expensive. The connection material forusein an
embodiment of the invention may also be selected in consid-
eration of allowing reworking for the multi-layer printed cir-
cuit board.

The connecting between low thermal expansion printed
circuit board and the outer printed circuit boards having a
relatively higher coefficient of thermal expansion is neither
limited to a particular method nor a particular material. The
connection method may employ a material known to those



US 8,030,752 B2

13

skilled in the art, including electrically conductive adhesive,
lead-free solder, regular solder, and metal pins, etc., as long as
it provides a desired level of reliability.

A multi-layer printed circuit board according an embodi-
ment of the invention can be a printed circuit board for mount-
ing and connecting components. Of course, the multi-layer
printed circuit board can be of a structure that also allows wire
bonding connections.

FIG. 12 is a perspective view illustrating a semiconductor
plastic package according to an embodiment of the invention,
FIG. 13 is a perspective view illustrating a semiconductor
plastic package according to another embodiment of the
invention, and FIG. 14 is a cross sectional view schematically
illustrating a semiconductor plastic package according to an
embodiment of the invention.

In FIGS. 12 and 14, there are illustrated semiconductor
plastic packages 300, 400, first boards 110, second boards
120, components 130, a board connection material 140, a
component connection material 150, cavities 160, and aper-
tures 160'".

The first board 110 can be a printed circuit board that has a
lower coefficient of thermal expansion than do the second
boards 120. The rate of thermal expansion of the first board
110 can be 9 ppm/° C. or lower. In some embodiments, the
rate of thermal expansion can be between -15t0 7.5 ppm/° C.,
or even between —10to 5 ppm/° C. A value outside the ranges
described above for the rate of thermal expansion can lead to
connection problems in the boards and can cause cracking.

The first board 110 can include any one of a thermosetting
resin, thermoplastic resin, UV-curable resin, and radical-cur-
able resin, and can also include any one of a non-woven or
woven fabric of inorganic/organic fibers and a metal.

The resin used in the first board 110 can be a thermosetting
resin, such as epoxy resin, cyanate ester resin, maleimide-
cyanate ester resin, benzocyclobutene resin, polyimide resin,
cardo resin, and functional-group-containing polyphenylene
ether resin, which can be used alone or in a combination of
tWO or more resins.

Non-woven or woven fabric of inorganic or organic fibers,
or a metallic material may be used as a reinforcement for the
first board 110 having a low coefficient of thermal expansion.

The inorganic fibers may include, for example, ceramic
fibers, S-glass fibers, and T-glass fibers, etc., which have low
coefficients of thermal expansion. The organic fibers may
include poly oxibenzazole fibers, aromatic polyaramid fibers,
liquid crystal polyester fibers, and carbon fibers, etc., which
have low coefficients of thermal expansion and which are
resistant to heat.

A film having a low coefficient of thermal expansion, such
as aromatic polyaramid film, poly oxibenzazole film, and
liquid crystal polyester film, etc., can be used as a reinforce-
ment material. In order to improve the adhesion between the
reinforcing material and the resin, a surface treatment known
to those skilled in the art may be applied to the reinforcing
material. Examples may include silane coupling agent treat-
ment for glass fiber materials, and corona treatment, various
chemical treatments, blast treatment, and plasma treatment,
etc., for film materials.

The organic fibers may form an aromatic polyaramid non-
woven or woven fabric reinforcement.

The metallic material may also be such that has a low
coefficient of thermal expansion. For example, the metal
material may be Invar or copper-Invar, etc. A printed circuit
board having a low coefficient of thermal expansion accord-
ing to an embodiment of the invention can be a printed circuit
board having two or more metal circuit layers, and in mount-
ing a component in the printed circuit board, it can be impor-
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tant that the coefficients of thermal expansion not be signifi-
cantly different between the printed circuit board and the
component. If a multi-layer board having two or more layers
is to be manufactured, it can be advantageous to use a metallic
material in the core board to decrease the number of layers.
Here, the overall rate of thermal expansion of the core board
using metal canbe 9 ppm/° C. or lower, or more desirably, —15
to 9 ppr/° C. In certain embodiments, the overall rate of
thermal expansion can even be between —10 to 5 ppm/° C.

As illustrated in FIG. 12, each of the second boards 120
may be attached to either side of the first board 110 in elec-
trical connection with the first board 110, with cavities 160
formed in each of the second boards 120, in which the com-
ponents 130 may be embedded. The component 130 will be
described later in further detail. The rates of thermal expan-
sion of the second boards 120 may be within a range of 10 and
25 ppm/° C., and may thus be greater than the rate of thermal
expansion of the first board 110.

Alternately, each of the second boards 120 may be attached
to either side of the first board 110, to be electrically con-
nected with the first board 110, and apertures 160' may be
formed in which the components 130 described later may be
embedded, as illustrated in FIG. 13. The aperture 160' can be
formed in a way that disconnects the second board 120. Thus,
when the semiconductor plastic package is heated, the second
boards 120 having higher coefficients of thermal expansion
may not overly apply pressure on the semiconductor chips
130.

A value outside the ranges described above for the rate of
thermal expansion of a second board 120 can lead to cracking
between the boards and create problems in reliability.

The second boards 120, which have a high coefficient of
thermal expansion, may generally be less expensive than the
first board 110, which has a low coefficient of thermal expan-
sion. As such, by forming the second boards 120 over both
sides of the first board 110, the manufacturing cost of the
board overall can be reduced.

The second board 120 can use E-glass fibers as a reinforce-
ment material, and can be stacked in two or more layers to
implement a multi-layer printed circuit board. Also, cavities
160 may be formed in the second boards 120, in which to
embed the components 130. The size to which a cavity 160
may be opened is not limited to a particular value, and the
cavity 160 can generally be processed to be opened 1 to 3 mm
larger from the perimeter of the component 130. The forming
of'the cavities is not limited to a particular method, and can be
performed using any of a variety of methods, such as those
using routers, punches, lasers, and water jets, etc.

The inner core board of a second board 120 can be imple-
mented using an epoxy resin composition containing E-glass
fibers, while the build-up insulation material can be selected
from various alternatives, such as a copper foil sheet having a
B-stage cyanate ester resin composition attached without a
separate reinforcement material, a B-stage unsaturated-
group-containing polyphenylene ether resin composition
sheet, and a B-stage resin composition sheet, etc.

The components 130 may be embedded in the respective
cavities 160 formed in the second boards 120, and may be
connected with the first board 110 by a flip chip method. A
component 130 can be, for example, a semiconductor chip.

When the components 130 are mounted on and connected
to the first board 110, the combined thickness of a component
130 and the component connection material can be made
thinner than the combined thickness of the second board 120
and the board connection material, as illustrated in FIG. 13.
Thus, when the components 130, including the component
connection material, are embedded in the cavities 160 of the
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second boards 120, the heights of the embedded components
130 may be lower than the height of the second board 120,
including the board connection material. In this way, the
components 130 may not be higher than the thickness of the
second board 120 having a higher rate of thermal expansion,
and thus may be prevented from protruding above the second
board 120 and from being damaged by pressure applied from
the sides. This can further reduce the occurrence of defects.
Also, in cases where the board connection material and com-
ponent connection material are made from materials that
allow reworking, such as solder, etc., it may be possible to
separate the defective component or printed circuit board for
reworking, allowing further benefits in terms of costs.

Of course, the thickness of a component 130 can also be
made substantially equal to the thickness of the second board
120.

A board connection material 140 may be interposed
between the first board 110 and the second boards 120, to
electrically connect the first board 110 with the second boards
120.

A component connection material 150 may be interposed
between the first board 110 and the components 130, to elec-
trically connect the first board 110 with the components 130.

Here, each of the board connection material 140 and the
component connection material 150 can be formed as bumps
or as an electrically conductive adhesive, etc., made from
various constituents. An electrically conductive adhesive may
include silver paste or copper paste, etc.

To be more specific, the board connection material 140 and
the component connection material 150 may be implemented
as regular solder bumps, lead-free solder bumps, or an elec-
trically conductive adhesive, etc.

As the second boards 120, which have a higher rate of
thermal expansion, may be mounted over the first board 110,
which has a lower rate of thermal expansion, heating the
overall board configuration can cause the second boards 120
having the higher rate of thermal expansion to expand in the
lateral and longitudinal directions.

However, the second boards 120 and first board 110 may be
connected together by way of the board connection material
140, which may be an electrically conductive adhesive. Thus,
when the board configuration is heated or cooled, the stresses
caused by the different rates of thermal expansion in the first
board 110 and second boards 120 may be mitigated by the
board connection material 140.

As such, the first board 110 may not expand or contract as
much as the second boards 120 during heating or cooling, and
the board connection material 140 may prevent cracking and
detaching. The electrically conductive adhesive can be one of
silver paste and copper paste, etc.

The component connection material 150 may also mitigate
stresses between the components 130 and the first board 110,
to prevent cracks, etc., in the overall printed circuit board
configuration and in the components.

If the board connection material 140 and component con-
nection material 150 are materials that enable reworking,
such as regular solder and lead-free solder, etc., the printed
circuit board configuration can be reworked in the event of a
defect, to provide benefits in terms of costs.

As described above, the high thermal expansion second
boards 120 and the low thermal expansion first board 110 can
be fabricated separately, and the components 130 can be
connected with the first board 110 by way of the component
connection material 150. Then, the stresses resulting from the
different rates of thermal expansion between the components
130 and the first board 110, when the printed circuit board is
heated or cooled, can be mitigated by the component connec-
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tion material 150, to thereby prevent cracking in the compo-
nents 130 and the first board 110 and generally prevent
defects.

Also, by connecting the first board 110 and the second
boards 120 using the board connection material 140, the
stresses resulting from the difference in rates of thermal
expansion between the first board 110 and the second boards
120 can be mitigated by the board connection material 140.
Thus, cracking in the first board 110 and second boards 120
can be prevented, to generally prevent defects.

Here, the board connection material 140 may be imple-
mented as an electrically conductive adhesive, which may be
largely unaffected by expansion or contraction stresses even
when the printed circuit board configuration expands or con-
tracts due to heating or cooling. Therefore, defects involving
the occurrence of cracking or detaching of the board connec-
tion material 140 can be suppressed.

The forming of a multi-layer printed circuit board using
only boards having low rates of thermal expansion can
require high costs. Thus, forming the first board 110 from a
board having a low rate of thermal expansion and forming the
second boards 120 from boards having a high rate of thermal
expansion can lead to cost savings for the overall multi-layer
printed circuit board, as well as to improvements in reliability.

Manufacture Example 1

Manufacture of a Second Board Having a High
Coefficient of Thermal Expansion for Connecting to
an Outside of a Printed Circuit Board Having a Low

Coefficient of Thermal Expansion

For a 0.2 mm non-halogen type epoxy-based double-sided
copper clad laminate (product code: R-1515T, CTE: al (12
ppm/® C.), Matsushita Electric Works, Ltd.) having copper
foils deposited to a thickness of 12 um on both sides, the
copper foils were etched to a thickness of 1.2 pm. Afterwards,
through-holes were formed using a mechanical drill to a
diameter of 150 um, desmearing treatment was applied, an
electroless-plated copper layer of 0.9 pm thickness and an
electroplated copper layer of 20 um thickness were deposited
on each side, and circuits were formed using a subtractive
method to line/space widths of 40/40 um. After applying a
black copper oxide treatment to this configuration, one 40
um-thick layer of non-halogen type epoxy based prepreg
(product code: GEA-679FGR, Hitachi Chemical Co.) was
arranged on either side, and a 12 pm-thick layer of electro-
deposited copper was arranged respectively on the outer side.
These were stacked and molded in a 200° C., 25 kgf/cm?, 2
mmHg vacuum for 90 minutes, to fabricate a four-layer
double-sided copper clad laminate. The copper foils on the
surface layers of this copper clad laminate were etched to a
1.2 pm thickness, blind via holes of 50 pm diameter were
formed on both sides using UV-YAG laser, a desmearing
treatment was applied, and the holes were filled with copper
plating, and circuits were formed on the surfaces. These pro-
cedures were repeated to obtain a six-layer printed circuit
board. The connection lands were formed with a 425 pm pitch
and 150 pm diameter. Over either surface of this copper clad
laminate, a typical UV-thermosetting solder resist (product
code: PSR4000AUS308, Taiyo Ink Mfg. Co., Ltd.) was
formed to a thickness of 15 pm, after which nickel plating and
gold plating were performed to 5 um and 0.2 um, respectively,
to form a multi-layer printed circuit board A. The lands were
opened to a diameter of 100 pm. In this multi-layer printed
circuit board A, a 12x12 mm portion was opened using a
router, in which to hold, mount, and connect a 10x10 mm flip
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chip. The coefficient of thermal expansion of this multi-layer
printed circuit board A was 20.4 ppm/° C. and 22.0 ppm/° C.
in the longitudinal and lateral directions, respectively.

Manufacture Example 2

Manufacture of a Low Thermal Expansion First
Board Using Copper-Invar

In a copper-Invar laminate of 0.4 mm thickness (Cu/Invar/
Cu thicknesses: 2 um/396 un/2 pm), through-holes were
formed using UV-YAG laser to a diameter of 200 um, and a
copper layer of 722 A thickness was deposited over all of the
surfaces of the copper-Invar laminate using sputtering. A
resin composition (product code: FP-R200, T,: 179° C,,
Asahi Chemical Research Laboratory Co., Ltd.) was filled in
only the hole portions using screen printing, and excess resin
was wiped off, after which the resin composition was hard-
ened at a temperature of 140° C. for 50 minutes and at a
temperature of 155° C. for 1 hour. A copper foil (product
code: CRS-501, thickness: 12 um, Mitsubishi Gas Chemical
Company, Inc.) having a B-stage thermosetting resin compo-
sition of 10 pm thickness attached thereto can be arranged on
each side of this configuration, to be stacked and molded in a
190° C., 20 kg/em?, 2 mmHg vacuum for 90 minutes. The
copper foils on the surface layers of this copper Invar laminate
were etched to a 1 um thickness. The centers of the through-
holes filled with resin were opened using CO, laser to form
electrically conductive through-holes having a diameter of
100 um. Afterwards, an electroless-plated copper layer of 1.2
um thickness and an electroplated copper layer of 15 um
thickness were deposited, circuits were formed on the sur-
faces, and connection lands were implemented. A thermoset-
ting liquid solder resist was coated over all of the surfaces,
including the insides of the holes, to a thickness of 10 to 15
um, and was then hardened at 150° C. for 1 hour. Then, 100
um lands were opened using UV-YAG laser, a plasma treat-
ment was applied, and nickel plating and gold plating were
performed, respectively, to form a low thermal expansion
printed circuit board B. The coefficient of thermal expansion
of'this printed circuit board B, in the areas for mounting and
connecting the components, was 2.4 ppm/° C. in both the
longitudinal and lateral directions.

Manufacture Example 3

Manufacture of a Low Thermal Expansion First
Board Using a Liquid Crystal Polyester Resin
Composition

For eight layers of a 50 um liquid crystal polyester resin
sheet (product code: FA film, coefficient of thermal expan-
sion: —=11 ppn/° C., melting point: 280° C., Kuraray Co.,
Ltd.), 12 um-thick layers of electro-deposited copper were
arranged on both sides, and the configuration was stacked and
molded in a 290° C., 20 kgf/cm®, 2 mmHg vacuum for 20
minutes, to fabricate a copper clad laminate having a thick-
ness of 0.4 mm. The copper foils on both sides were etched to
a thickness of 1.2 pum. Afterwards, through-holes were
formed using a mechanical drill to a diameter of 150 um, and
a desmearing treatment was applied using plasma. After per-
forming electroless copper plating and copper electroplating
in the manner described in Manufacture Example 1, circuits
and connection lands were formed on the surfaces. Similar to
Manufacture Example 1, a liquid thermosetting solder resist
was formed thinly over the configuration, after which nickel
plating and gold plating were performed, to form a low ther-
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mal expansion printed circuit board C. The coefficient of
thermal expansion of this printed circuit board C, in the areas
for flip chip mounting and connecting, was —1.6 ppm/° C. in
both the longitudinal and lateral directions.

Implementation Example 1

Using a silver paste (resistivity: 5.1x107> Q-cm) having a
T, (DMA measurement) of 232° C., the printed circuit boards
A, which have a relatively higher coefficient of thermal
expansion, were attached to both sides of the low thermal
expansion printed circuit board B. This configuration was
hardened in a 5 mmHg vacuum at 150° C. for 1 hour and at
180° C. for 1 hour. For this multi-layer printed circuit board,
components held in the cavities processed into both sides
were mounted on and connected to the low thermal expansion
printed circuit board. Connection bumps were attached
beforehand on the components. The bumps, which were made
from lead-free solder (Sn-8.0Zn-3.0Bi, melting point: 190 to
197° C.), were attached during the reflow process at a maxi-
mum temperature of 220° C., to form a semiconductor plastic
package.

This multi-layer printed circuit board mounted and con-
nected with components was subject to a temperature cycle
test from —45° C./30 min to 125° C./30 min for 1000 cycles.
The test results are listed below in Table 1.

Implementation Example 2

Tests were performed in a manner substantially the same as
Implementation Example 1, with the only difference being
that the printed circuit board C was used for the low thermal
expansion printed circuit board. The test results are listed
below in Table 1.

Manufacture Example 4

Manufacture of a Second Board Having a High
Coefficient of Thermal Expansion for Connecting to
an Outside of a Printed Circuit Board having a Low

Coefficient of Thermal Expansion

2,2-bis(4-cyanatophenyl)propane monomers of 550 parts
by weight were dissolved at 160° C. and were reacted while
being stirred for 4.5 hours, to yield a mixture of monomers
and pre-polymers. The mixture was dissolved in methyl ethyl
ketone and mixed with 100 parts by weight of a bisphenol A
epoxy resin (product code: Epikote 1001, Japan Epoxy Resin
Co., Ltd.), 150 parts by weight of a phenol novolac epoxy
resin (product code: DEN-431, Dow Chemical Company),
and 200 parts by weight of a cresol novolac epoxy resin
(product code: ESCN-220 F, Sumitomo Chemical Co., Ltd.),
after which 0.2 parts by weight of zinc octylate was added to
the methyl ethyl ketone as a hardening catalyst. These were
mixed and stirred well to provide a varnish D.

Also, 1000 parts by weight of a spherical silica (average
particle diameter: 0.9 pm) inorganic filler, as well as 10 parts
by weight of an epoxy silane coupling agent was added,
stirred, and dispersed, to yield a varnish E.

The varnish E was impregnated into a 200 um-thick aramid
fiber woven fabric and dried, to fabricate a prepreg F having
a gelation time of 111 seconds (at 170° C.) and a resin content
of 55 weight %. Also, the varnish E was impregnated into a 40
um-thick E-glass fiber woven fabric and dried, to fabricate a
prepreg G having a gelation time of 113 seconds and a resin
content of 67 weight %. Using one sheet of the prepreg F, 12
um-thick layers of electro-deposited copper were arranged on
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both outer sides, and were stacked and molded ina 190°C., 20
kgf/em?, and 2 mmHg vacuum for 90 minutes, to fabricate a
0.2 mm-thick double-sided copper clad laminate H. After
etching the copper to 1.2 um on both sides of the double-sided
copper clad laminate H, through-holes of' a 150 pm diameter
were formed using CO, laser. After a desmearing treatment,
an electroless-plated copper layer of 0.9 pm thickness and an
electroplated copper layer of 20 um thickness were deposited
on each side, and circuits were formed using a subtractive
method to line/space widths of 40/40 um. This was followed
by a CZ treatment applied to the copper layers, after which
one sheet of the prepreg G was arranged on each outer side,
and a 12 pm-thick electro-deposited copper layer was
arranged on an outside of the prepreg G. The configuration
was stacked and molded in the same manner to fabricate a
four-layer double-sided copper clad laminate. After etching
the copper layers on the surfaces of this copper clad laminate
to a thickness of 1.2 um, blind via holes of a 50 ym diameter
were formed by irradiating UV-YAG laser. After a desmear-
ing treatment, the insides of the holes were filled with copper
plating. Next, circuits were formed on the surfaces of this
copper clad laminate, and the CZ treatment, stacking, and
circuit-forming processes were repeated to fabricate a printed
circuit board I. The connection lands were formed with a
425 um pitch and 150 um diameter. In the same manner as that
of Manufacture Example 1, the lands were opened to a diam-
eter of 100 pm, and development treatment was applied, after
which nickel plating and gold plating were performed, to
form a printed circuit board J having a relatively higher coef-
ficient of thermal expansion. The coefficient of thermal
expansion of this printed circuit board J was 11.3 ppm/® C.
and 12.0 ppm/°® C. in the longitudinal and lateral directions,
respectively.

Manufacture Example 5

Manufacture of a Low Thermal Expansion First
Board Using Aramid Fiber Woven Fabric

Using two sheets of the prepreg F, which uses an aramid
fiber woven fabric as a reinforcing material, 12 pm-thick
layers of electro-deposited copper were arranged on both
outer sides, and were stacked and molded in a 190° C., 20
kgf/em?, and 2 mmHg vacuum for 90 minutes, to fabricate a
0.4 mm-thick double-sided copper clad laminate K. After
etching the copper to 1.2 um on both sides of the double-sided
copper clad laminate K, openings of a 150 pm diameter were
formed using CO, laser, and a desmearing treatment was
performed. Then, an electroless-plated copper layer of 1 pm
thickness and an electroplated copper layer of 15 pm thick-
ness were deposited on each side, and circuits and connection
lands were formed on the surfaces. Similar to Manufacture
Example 1 described above, a solder resist was formed, open-
ings were formed, and a desmearing treatment was applied
using plasma, after which nickel plating and gold plating
were performed, to form a low thermal expansion printed
circuit board L. The coefficient of thermal expansion of this
printed circuit board L, in the areas for mounting and con-
necting the components, was 6.0 ppm/° C. and 5.8 ppm/° C. in
the longitudinal and lateral directions, respectively.

Manufacture Example 6

Manufacture of a Low Thermal Expansion First
Board Using T-Glass Fiber Woven Fabric

Silica of 500 parts by weight was added to the varnish E,
which was mixed and stirred well to yield a varnish M. The
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varnish M was impregnated into 100 pm-thick T-glass fibers
or S-glass fibers and dried, to fabricate a prepreg N having a
gelation time of 101 seconds (at 170° C.) and a resin content
of 53 weight %. Using four sheets of the prepreg N,
12 um-thick layers of electro-deposited copper were arranged
on both sides, and the configuration was stacked and molded
ina 190° C., 40 kgf/cm?, 2 mmHg vacuum for 90 minutes, to
fabricate a copper clad laminate having a thickness of 0.4
mm. The copper foils on the surfaces were etched to a thick-
ness of 1.2 um, through-holes were formed using a mechani-
cal drill to a diameter of 150 pum, and a desmearing treatment
was applied, after which copper plating was performed in
substantially the same manner as that in Manufacture
Example 1, and circuits and connection lands were formed on
the surfaces. Also, similar to Manufacture Example 1
described above, a solder resist was formed, openings were
formed, and a desmearing treatment was applied using
plasma, after which nickel plating and gold plating were
performed, to form a low thermal expansion printed circuit
board O. The coefficient of thermal expansion of this printed
circuit board O, in the areas for mounting and connecting the
components, was 6.9 ppny/° C. and 7.3 ppm/°® C. in the lon-
gitudinal and lateral directions, respectively.

Manufacture Example 7

Manufacture of a Low Thermal Expansion First
Board Using Carbon Fiber Woven Fabric

The varnish E was impregnated into 200 um-thick carbon
fiber woven fabric and dried, to fabricate a prepreg P having
a gelation time of 102 seconds (at 170° C.) and a resin content
of 55 weight %. Using two sheets of the prepreg P, 12 um-
thick layers of electro-deposited copper were arranged on
both sides of the prepreg, and were stacked and molded in a
190° C., 20 kgf/cm?, and 2 mmHg vacuum for 90 minutes, to
fabricate a 0.4 mm-thick double-sided copper clad laminate.
After etching the copper layers of the double-sided copper
clad laminate to 5 pm, through-holes of a 200 pm diameter
were formed using a diamond drill, and the resin composition
used in Manufacture Example 1 was filled inside the holes
and hardened. The excess resin was leveled by polishing,
taking care not to stretch the reinforcing material, to result in
the copper layers having a thickness of 1.5 to 2.3 um. After-
wards, the centers of the resin were opened using CO, laser to
form electrically conductive through-holes having a diameter
0of' 100 um, and a desmearing treatment was applied. Then, an
electroless-plated copper layer of 0.9 pm thickness and an
electroplated copper layer of 15 um thickness were deposited,
and circuits and connection lands were formed on the sur-
faces. Similar to Manufacture Example 1 described above, a
solder resist was formed, openings were formed, and a des-
mearing treatment was applied, after which nickel plating and
gold plating were performed, to form a low thermal expansion
printed circuit board Q. The coefficient of thermal expansion
of'this printed circuit board Q, in the areas for mounting and
connecting the components, was 4.8 ppm/° C. and 4.9 ppm/°®
C. in the longitudinal and lateral directions, respectively.

Implementation Example 3

Using a lead-free solder (Sn-3.5Ag, melting point: 221 to
223° C.) to attach a low thermal expansion printed circuit
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board manufactured according to Manufacture Example 5
with a printed circuit board having a relatively higher coeffi-
cient of thermal expansion manufactured according to Manu-
facture Example 4, the printed circuit boards having a rela-
tively higher coefficient of thermal expansion were attached
to both sides of the low thermal expansion printed circuit
board, during the reflow process at a maximum temperature
ot 260° C. Components were mounted and connected using
lead-free solder, as in Implementation Examples 1 and 2, and
reliability tests were performed in substantially the same
manner. However, the connecting of the components is not
limited to the method described above, and various attaching
methods may be used.
The test results are listed below in Table 1.

Implementation Example 4

Using a lead-free solder (Sn-3.5Ag, melting point: 221 to
223° C.) to attach a low thermal expansion printed circuit
board manufactured according to Manufacture Example 6
with a printed circuit board having a relatively higher coeffi-
cient of thermal expansion manufactured according to Manu-
facture Example 4, the printed circuit boards having a rela-
tively higher coefficient of thermal expansion were attached
to both sides of the low thermal expansion printed circuit
board, during the reflow process at a maximum temperature
ot 260° C. Components were mounted and connected using
lead-free solder, as in Implementation Examples 1 and 2, and
reliability tests were performed in substantially the same
manner.

The test results are listed below in Table 1.

Implementation Example 5

Using a lead-free solder (Sn-3.5Ag, melting point: 221 to
223° C.) to attach a low thermal expansion printed circuit
board manufactured according to Manufacture Example 7
with a printed circuit board having a relatively higher coeffi-
cient of thermal expansion manufactured according to Manu-
facture Example 4, the printed circuit boards having a rela-
tively higher coefficient of thermal expansion were attached
to both sides of the low thermal expansion printed circuit
board, during the reflow process at a maximum temperature
ot 260° C. Components were mounted and connected using
lead-free solder, as in Implementation Examples 1 and 2, and
reliability tests were performed in substantially the same
manner.

The test results are listed below in Table 1.

Implementation Example 6

For the high thermal expansion printed circuit board A
manufactured according to Manufacture Example 1, the sol-
der resist was opened for only one side in form a multi-layer
printed circuit board, and reliability tests were performed in
substantially the same manner, but with a component
mounted and connected in only one side.

The test results are listed below in Table 1.

Implementation Example 7

For the high thermal expansion printed circuit board J
manufactured according to Manufacture Example 4, the sol-
der resist was opened for only one side in form a multi-layer
printed circuit board, and reliability tests were performed in
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substantially the same manner, but with a component
mounted and connected in only one side.
The test results are listed below in Table 1.

Comparative Example 1

Components were mounted and connected directly to both
sides of a low thermal expansion multi-layer printed circuit
board A such as that used in Implementation Examples 1 and
2, to form a board R. Test results for the board R are listed
below in Table 2.

Comparative Example 2

Components were mounted and connected directly to both
sides of a low thermal expansion multi-layer printed circuit
board J such as that used in Implementation Examples 3 to 5,
to form a board S. Test results for the board S are listed below
in Table 2.

Comparative Example 3

A component was mounted and connected directly to one
side of a low thermal expansion multi-layer printed circuit
board A such as that used in Implementation Examples 1 and
2, to form a board T. Test results for the board T are listed
below in Table 2.

Comparative Example 4

A component was mounted and connected directly to one
side of a low thermal expansion multi-layer printed circuit
board J such as that used in Implementation Examples 3 to 5,
to form a board U. Test results for the board U are listed below
in Table 2.

Comparative Example 5

For the double-sided copper clad laminate obtained by
Manufacture Example 2, the copper foils on both sides were
etched to a thickness of 1.2 um. Afterwards, through-holes
were formed using a mechanical drill to a diameter of 150 um,
and a desmearing treatment was applied using plasma. An
electroless-plated copper layer of 1 pum thickness and an
electroplated copper layer of 15 pum thickness were deposited
on each side, circuits were formed on the surfaces, and a black
copper oxide treatment was applied. Then, on either side of
this copper clad laminate, one 40 pm-thick layer of the
prepreg GEA-679FGR was arranged, and a 12 pm-thick layer
of electro-deposited copper was arranged respectively on
each outer side, all of which were stacked and molded as in
Manufacture Example 1 to fabricate a four-layer double-
sided copper clad laminate. The copper foils on the surface
layers of this copper clad laminate were etched to a 1.2 um
thickness, blind via holes of 50 um diameter were formed on
both sides using UV-YAG laser, a desmearing treatment was
applied, and the holes were filled with copper plating. Cir-
cuits were formed on the surfaces of this copper clad lami-
nate, and a black oxide treatment was applied as described
above. These procedures were repeated to obtain a fourteen-
layer printed circuit board V Components were mounted
directly on the surfaces on both sides, without implementing
recesses in the portions where the components are mounted
and connected. Test results for the board V are listed below in
Table 2.
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TABLE 1

Implement. Implement. Implement. Implement. Implement. Implement. Implement.

Example 1 Example 2 Example 3 Example 4 Example 5 Example 6 Example 7
Component Mounting Both Sides  Both Sides ~ Both Sides  Both Sides  Both Sides One Side One Side
Connection Material Lead-Free Solder
Between Component(s)
and Low Thermal
Expansion PCB
Connection Material Electrically  Electrically = Lead-free Lead-free Lead-free Electrically Lead-free
Between Outer PCB’s Conductive  Conductive Solder Solder Solder Conductive Solder
and Low Thermal Adhesive Adhesive Adhesive
Expansion PCB
Height of Component 0 0 0 0 0 0 0
Protruding above PCB
(pm)
Bending and Warpage 67 55 80 73 91 93 101
(pm)
Number of Cracking or 0 0 0 0 0 0 0
Detaching Defects
(1/100)

Migration Resistance (@) in Low Thermal Expansion PCB (between Through-Holes)
Normal 7x1013  6x1013  7x1013  5x1013  5x 1013 — —
200 hrs. 4x10 12 5% 10 12 8x 10 10 8x 1011 5% 10 10 — —
700 hrs. 6x1011 3x 1011 9%x109 1x1010 7x109 — —
TABLE 2
Comparative Comparative Comparative Comparative Comparative

Example 1 Example2  Example 3 Example4  Example 5
Component Mounting Both Sides  Both Sides One Side One Side Both Sides
Connection Material Lead-Free Solder
Between Component(s)
and Low Thermal
Expansion PCB
Connection Material Low Thermal Expansion PCB not used Resin
Between Outer PCB’s
and Low Thermal
Expansion PCB
Height of Component approx. 450  approx. 450  approx. 450 approx. 450  approx. 450
Protruding Above PCB
(pm)
Bending and Warpage 122 110 554 318 109
Number of Cracking or 89 27 93 50 73

Detaching Defects
(1/100)

Migration Resistance (@) in Low Thermal Expansion PCB (between Through-Holes)

Normal Low Thermal Expansion PCB not used

[Measurement Method]

(1) Height of Component Protruding Above Multi-Layer
Printed Circuit Board

For a component mounted and connected to the printed
circuit board using a connection material, the height of the
portion of the component protruding above the surrounding
multi-layer printed circuit board was measured on one side.
Measuring the heights from both sides would lead to about
twice as high a value. In manufacturing a thin printed circuit
board, the height of the portion of component protruding
outwards can act as an obstacle to reducing thickness.

(2) Bending and Warpage

For a hundred 40x100 mm module samples, each having
two components of dimensions 10x10 mm and thickness 400
um connected to the left, right, and middle on both sides of the
printed circuit board, the bending and warpage were mea-
sured using a laser measurement apparatus. The initial printed
circuit boards selected displayed bending and warpage of
50£10 pum. The maximum values of bending and warpage
were measured using a laser measurement apparatus after
mounting and connecting the components.
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(3) Number of Cracking or Detaching Defects

For a hundred 40x100 mm module samples, each having
two components of dimensions 10x10 mm and thickness 400
um connected to the left, right, and middle on both sides of the
printed circuit board, thermal impact temperature cycle tests
were performed, in which the temperature was maintained at
—-45° C. for 30 minutes and then at 125° C. for 30 minutes.
After 1000 cycles, the integrity of the connection was evalu-
ated. Here, a change in resistance value of £10% or more was
classified as a defect. Also, the samples were also checked for
cracking and detaching in the solder and electrically conduc-
tive adhesive.

(4) Migration Resistance

For each Example, the through holes were formed with 200
pum gaps in the low thermal expansion printed circuit board,
and 100 samples were connected. The migration resistance
was measured for a DC current of 30V (85° C./85% RH).

As shown in the results of Table 1, Implementation
Examples 1 to 5 have components mounted and connected on
both sides of the boards, with the components connected to
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the low thermal expansion board using lead-free solder. It is
noted that the circuit boards according to embodiments of the
invention show less bending or warpage and virtually no
cracking or detaching, in contrast to the Comparative
Examples.

As set forth above, by utilizing a method of manufacturing
a semiconductor package and a semiconductor plastic pack-
age manufactured using this method according to certain
embodiments of the invention, damage to the semiconductor
chips can be prevented, and manufacturing costs can be low-
ered. The connection material can also mitigate stresses, to
prevent cracking in the boards and semiconductor chips,
while preventing defects such as bending and warpage. As the
coefficients of thermal expansion may be similar between the
semiconductor chips and the multi-layered printed circuit
board to which they are mounted, there may be less stresses in
the connection material created by changes in temperature,
etc., allowing higher connection reliability and fewer defects
for the semiconductor chips. Furthermore, it is not necessary
to use an underfill in the portions where the semiconductor
chips are connected with the printed circuit board, which
allows for easier reworking and lower costs.

While the spirit of the invention has been described in
detail with reference to particular embodiments, the embodi-
ments are for illustrative purposes only and do not limit the
invention. It is to be appreciated that those skilled in the art
can change or modify the embodiments without departing
from the scope and spirit of the invention.

What is claimed is:
1. A semiconductor plastic package comprising:
a first board;
a second board attached to either side of the first board, the
second board electrically connected with the first board
and having at least one cavity formed therein; and
a component embedded in the cavity and connected with
the first board by a flip chip method,
the first board having a lower rate of thermal expansion
than the second board, and
the first board comprising:
acore board having at least one through-hole selectively
perforated therein, the through-hole being filled with
a resin composition,

a copper foil attached to either side of the core board and
having an insulation layer attached thereto,

a conduction through-hole selectively perforated in the
resin composition, and

a circuit formed on a surface of the core board.

2. The semiconductor plastic package of claim 1, wherein
the cavity is formed such that the cavity disconnects the
second board.

3. The semiconductor plastic package of claim 1, wherein
the first board has a rate of thermal expansion within a range
of =15 to 9 ppm/° C.

4. The semiconductor plastic package of claim 1, wherein
the second boards each have a rate of thermal expansion
within a range of 10 to 25 ppm/°® C.

5. The semiconductor plastic package of claim 1, wherein
the resin of the core board is any one selected from a group
consisting of thermosetting resins, thermoplastic resins, UV-
curable resins, and radical-curable resins.

6. The semiconductor plastic package of claim 1, wherein
the core board is made from any material selected from a
group consisting of inorganic fibers, organic fibers, and met-
als.

7. The semiconductor plastic package of claim 6, wherein
the inorganic fibers include any one of glass fibers and
ceramic fibers.
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8. The semiconductor plastic package of claim 6, wherein
the organic fibers include any one selected from a group
consisting of poly oxibenzazole fibers, aromatic polyaramid
fibers, liquid crystal polyester fibers, and carbon fibers.

9. The semiconductor plastic package of claim 6, wherein
the organic fibers are formed as one of an aromatic polyara-
mid non-woven fabric reinforcement and an aromatic pol-
yaramid woven fabric reinforcement.

10. The semiconductor plastic package of claim 6, wherein
the metals include any one of Invar and copper-Invar.

11. The semiconductor plastic package of claim 1, further
comprising:

a board connection material interposed between the first
board and the second board, the board connection mate-
rial electrically connecting the first board with the sec-
ond board.

12. The semiconductor plastic package of claim 11,
wherein the board connection material is formed as one of
bumps and electrically conductive adhesive.

13. The semiconductor plastic package of claim 12,
wherein the electrically conductive adhesive includes any one
silver paste and copper paste.

14. The semiconductor plastic package of claim 1, further
comprising:

a component connection material interposed between the
component and the first board, the component connec-
tion material electrically connecting the component
with the first board.

15. The semiconductor plastic package of claim 14,
wherein the component connection material is formed as one
of bumps and electrically conductive adhesive.

16. The semiconductor plastic package of claim 15,
wherein the electrically conductive adhesive includes any one
silver paste and copper paste.

17. The semiconductor plastic package of claim 1, wherein
the component has a thickness smaller than or equal to a
thickness of the second board.

18. A semiconductor plastic package comprising:

a first board;

a second board attached to either side of the first board, the
second board electrically connected with the first board
and having at least one cavity formed therein;

a component embedded in the cavity and connected with
the first board by a flip chip method; and

a board connection material interposed between the first
board and the second board, the board connection mate-
rial electrically connecting the first board with the sec-
ond board,

the first board having a lower rate of thermal expansion
than the second board, and the board connection mate-
rial being formed as one of bumps and electrically con-
ductive adhesive.

19. A semiconductor plastic package comprising:

a first board;

a second board attached to either side of the first board, the
second board electrically connected with the first board
and having at least one cavity formed therein;

a component embedded in the cavity and connected with
the first board by a flip chip method; and

a component connection material interposed between the
component and the first board, the component connec-
tion material electrically connecting the component
with the first board,

the first board having a lower rate of thermal expansion
than the second board, and the component connection
material being formed as one of bumps and electrically
conductive adhesive.
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